The MSSM predictions at the one-loop level for the weak-magnetic dipole moments of the τ lepton and the b quark are analysed. The entire supersymmetric parameter space is scanned with the usual GUT constraint and common squark and slepton mass parameters. The real part of a W τ is dominated by the chargino contribution, being the same order as the SM one or even larger in the high tan β region whereas the imaginary part, due to Higgs boson diagrams, is negligible compared to the SM value. The real part of a W b is controlled mainly by charginos and also by gluinos, when the mixing in the bottom squark sector is large, to yield, for high tan β, a contribution one order of magnitude larger than the pure electroweak SM value but a factor five smaller than the standard QCD contribution. The imaginary part of a W b is the same order as in the SM. *
The investigation of the electric and magnetic dipole moments provides very accurate tests of the quantum structure of the Standard Model (SM) (see [1] and references therein) and of possible extensions (see [2, 3] and references therein). The fermion-Z boson vertex, in higher order, involves coupling terms which in their Lorentz structure are analogous to the magnetic and electric dipole terms of the fermion-photon vertex with valuable informations on the CP-conserving and CP-violating sectors of the SM. In addition, the magnetic weak dipole terms exhibit non-decoupling properties [4] when the top quark is involved in the quantum contributions. Together with the chirality-flipping character of the dipole form factors one thus might expect also some insight into the mechanism of mass generation. Extensions of the minimal model by new renormalizable interactions influence the dipole form factors by non-standard loop contributions. In this article we consider the Minimal Supersymmetric Standard Model (MSSM) as a particularly interesting extension of the SM and investigate the impact of the MSSM one-loop contributions to the weakmagnetic dipole moments of heavy fermions.
The most general Lorentz structure of the vertex function that couples a Z boson and two on-shell fermions (with outgoing momenta q andq) can be written as
where v f ≡ (I Conservation of the vector current (U(1) gauge invariance) constrains the scalar form factor F S to be zero at s = M 2 Z . The axial form factor F P (M 2 Z ) must also vanish for massless fermions. The vector and axial-vector form factor, F V and F A , are the only ones that have to be renormalized while the others are finite. The form factors F M and F E are related to the weak dipole moments of the fermion f with mass m f as follows [5] :
The anomalous weak-magnetic dipole moment (AWMDM) is the analogue of the anomalous magnetic dipole moment (AMDM) a γ f = (g f − 2)/2. The F M (F E ) form factors are the coefficients of the chirality-flipping term of the CP-conserving (CP-violating) effective Lagrangian describing Z-fermion couplings. Therefore, they are expected to get contributions proportional to some positive power of the mass of the fermions involved. This allows the construction of observables which can be probed experimentally most suitably by heavy fermions. Hence, for on-shell Z bosons, where the dipole form factors are gauge independent, the b quark and τ lepton are the most promising candidates.
The contribution to the AWMDM, for the τ lepton and for heavy quarks, at the one-loop level has recently been calculated by Bernabéu et al. in the SM [4, 6] and in two Higgs doublet models [7] . In this letter, we extend these calculations to the MSSM and investigate the maximum size of the non-standard contributions. We classify all the triangle diagrams in six topologies (classes) or generic diagrams (Fig. 1 ) as in Ref [8] . Working in the 't Hooft-Feynman gauge all the would-be-Goldstone bosons are included. The global result, adding all the diagrams, is gauge independent. Every class of diagrams is calculated analytically for general couplings and expressed in terms of standard one-loop integralsC [8] and vertex coefficients λ as follows:
with λ
• Class Ib:
The colour factor C F = 4 3 .
• Class II:C =C(−q, q, M, M,m),
• Class III:
• Class IV:
• Class V:
with λ V = G(SV + P A).
• Class VI:
We use the conventions of Refs. [9] for the couplings, masses and vertex coefficients. 1 We employ the compact notation a [8] . Notice that all the masses appearing explicitly as factors of theC integrals in the expressions are fermion masses, consistently with the chirality flipping character of the dipole moments.
The WMDM of the τ lepton
In the SM there are 14 diagrams at one-loop, in the 't Hooft-Feynman gauge, contributing to the τ -Z boson coupling. We are in agreement 2 with Ref. [6] with the total value for The diagrams with Higgs bosons have only a small impact, changing the final result [6] by less than 1% for 1
The MSSM contributions introduce new parameters, the values of which are not known but are constrained by present experiments. To reduce the number of free parameters, we assume the usual GUT constraint for the soft-breaking mass terms in the gaugino sector and a common squark mass parameter as well as a common slepton mass parameter. For given tan β, we are left with the following free parameters: the gaugino mass parameter for the SU (2) sector M, the Higgs-higgsino mass parameter µ, the common slepton softbreaking mass parameter ml, the common squark soft-breaking mass parameter mq, the trilinear soft-breaking term A τ and the mass of the pseudoscalar Higgs boson M A . We consider two typical scenarios: low and high tan β, respectively tan β = 1.6 and 50. The genuine MSSM diagrams to be included are: diagrams with MSSM Higgs bosons; diagrams with charginos and scalar neutrinos; and diagrams with neutralinos andτ sleptons.
MSSM Higgs contribution to a W τ
The diagrams for Zτ τ involving Higgs bosons are:
where G 0 , G ± are the would-be-Goldstone bosons and h, H, A and H ± are the physical MSSM Higgs bosons. Actually, not all of them give a contribution to the AWMDM, in particular, the diagrams of class IV with neutral Higgs bosons vanish as in the case of the SM. The masses of the Higgs bosons are fixed by the mass of the pseudoscalar, M A , tan β and the common squark mass parameter mq, which are the only free parameters involved in this calculation. A value mq = 250 GeV will be assumed in the following. Low values of M A yield the largest contribution and for M A > ∼ 300 GeV the contributions become M Aindependent. The class III diagrams provide the only contribution to Im(a W τ ), assuming the present lower bound for the masses of the Higgs bosons [11] . Due to the fact that the ratio of vector couplings v τ /v ν is small, the diagrams with charged Higgs bosons give the main contribution, which is of the order α/4π(m τ /M Z ) 4 tan 2 β ∼ 10 −10 (10 −7 ) for the low (high) tan β scenario. For example, one gets Im(a Chargino and scalar neutrino contribution to a
W τ
There are two diagrams involving charginos and scalar neutrinos:
Charginos [12] and scalar neutrinos [13] do not occur in Z decays and hence their contribution to the AWMDM is real, in the region of their masses not ruled out by the experiments. The free parameters involved here are tan β, M, µ and ml. The contribution becomes smaller increasing ml (consistently with decoupling [10] ). In the large M and |µ| region the charginos also decouple. The contribution is enhanced by increasing tan β. In the low tan β scenario the contribution is of order 10 −7 . The value for ml = 250 GeV, M = 200 GeV and |µ| = 200 GeV is
In the high tan β scenario the contribution is of order 10 −5 . We find:
Re(a Theτ slepton masses are bounded by present experiments [14] to be heavier than half the mass of the Z, but the neutralinos are less stringently bounded and could be much lighter [12] , allowing for the possibility of a contribution to the imaginary part of the AWMDM through diagrams of class III. Now, we have tan β, M, µ, ml, as well as the trilinear soft-breaking mass term for theτ sleptons, A τ , as free parameters. We choose different values for A τ in the range ±µ tan β to estimate the sensitivity of the AWMDM to this soft-breaking term and find no sizeable deviation. However, for some values of A τ and µ the mass of theτ sleptons can become unphysical. For simplicity, we take the value of A τ that makes m Only the third generation of quarks is considered and the element V tb of the CKM matrix is set to 1.
In the MSSM one has to include the following genuine supersymmetric contributions: diagrams with MSSM Higgs bosons; diagrams with charginos andt squarks; diagrams with neutralinos andb squarks; and diagrams with gluinos andb squarks. In this case, we are left with the following free parameters: M, µ, mq, M A , the trilinear soft-breaking terms A b and A t and a mass for the gluinos mg.
MSSM Higgs contribution to a W b
The diagrams for Zbb involving Higgs bosons are There are two diagrams involving charginos andt squarks:
As in the τ case, assuming the present bounds on chargino and squark masses [12, 15] , Im(a
The free parameters involved are tan β, M, µ, mq and A t . Varying the value for A t in the range ±µ cot β shows that there is only a small effect in the AWMDM. We thus choose A t in a way that the off-diagonal entry of thet squarks mixing mass matrix m t LR = A t − µ cot β = 0. Increasing mq the contribution becomes smaller. Fig. 2 shows a contour plot in the M − µ plane for mq = 250 GeV. In the large M and |µ| region, the charginos decouple, as expected from the decoupling theorem [10] . The contour lines for the masses of the lightest chargino and lightest neutralino in the M − µ plane are also depicted. The contributions are enhanced by increasing tan β. In the low tan β scenario the contribution is of order 10 −6 (Fig. 2a) . For M = |µ|=200 GeV we get
In the high tan β scenario (Fig. 2b ) the contribution is enhanced to become of order 10 −5 . For the same values of M and µ as above,
Neutralino andb squark contribution to a
W b
There are two diagrams involving neutralinos andb squarks:
Now, we have tan β, M, µ, mq, as well as the trilinear soft-breaking mass term for thẽ b squarks, A b , as free parameters. There is no sizeable dependence on A b . As in the τ case, due to the heavy mass of theb squarks [15] , an imaginary part can only arise through diagrams of class III. The region of non vanishing Im(a 
Gluino contribution to a W b
There is one diagram with a gluino and twob squarks running in the loop:
The present bounds onb squark masses [15] only allow a real contribution to the AWMDM. The free parameters are tan β, mq, mg, A b and µ. These last two parameters affect the result only through the off-diagonal term of theb squark mass matrix m b LR = A b −µ tan β. There still remains a slight dependence on tan β in the diagonal terms of theb squark mass matrix and so we keep the distinction between low and high tan β scenarios. The mixing in theb sector is determined by m 
Conclusions
From the previous analysis we conclude that the imaginary part of the AWMDM of the τ lepton is provided only by the diagrams with Higgs bosons, being at most of order 10
for the high tan β scenario, an order of magnitude below the SM contribution. For the real part, the charginos dominate with a contribution of order 10 −5 (10 −6 ) in the high (low) tan β scenario at the level of the SM contribution or even larger. The neutralino contribution is of opposite sign, but one order of magnitude smaller. Also the Higgs contribution to the real part is negligible.
The most important MSSM contribution to the a W b is provided by charginos and gluinos in the high tan β scenario. For high tan β, the neutralino and chargino contributions have opposite sign, but the former is typically a factor five below. On the other hand, the chargino contribution has the sign of µ whereas the gluinos only contribute with negative sign. Therefore the total contribution to the real part is maximal for negative µ and can reach the value of Re(a These values are one order of magnitude higher than the pure electroweak SM contribution, but still a factor five below the standard QCD contribution. The Higgs boson diagrams are negligible, and they are only important for the imaginary part, contributing the same amount as the neutralinos below threshold, at most |Im(a This value is of the same order as the electroweak SM result. In the low tan β scenario, all the MSSM contributions to the real part are of order 10 −6 ; for the imaginary part they are one order of magnitude smaller. They both are comparable in size to the pure electroweak SM contribution. 
